H ip fracture is one of the most serious fall-related injuries in the United States, resulting in more than 265,000 hospitalizations each year in adults aged 65 and older. 1 Mortality is significantly greater after hip fracture, with 20% to 30% of individuals with hip fracture dying within 1 year. 2, 3 Risk of death is 10.4 to 11.6 times higher for those aged 60 and 3.1 to 3.4 times higher for those aged 80 in the first year after hip fracture and remains high even 5 years after fracture. 4 Causes of the excess mortality in individuals with hip fracture are not well understood, although higher burden of comorbid conditions is thought to play a role. 2, 4, 5 Falls in older adults are also the primary cause of traumatic brain injury (TBI), which is associated with cognitive impairment, disability, and mortality. [6] [7] [8] [9] [10] [11] [12] [13] TBI resulted in more than 600,000 emergency department visits, hospitalizations, and deaths in older adults in the United States in 2013. 11 More than 70% of TBIs are mild and can even occur without direct head impact, being caused by the rapid acceleration and deceleration that occur during a fall.
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Older adults may be less likely to receive treatment for TBI and to receive an accurate diagnosis. [14] [15] [16] This is particularly important in older adults with hip fracture, in whom the acute pain from the fracture may mask symptoms of TBI. Thus, TBI sustained during the fall that resulted in hip fracture could contribute to poorer outcomes, including cognitive impairment and mortality. 13 Although this seems intuitive, no studies have specifically assessed TBI in individuals with hip fracture.
Using Medicare administrative claims data, our objective was to estimate the prevalence of diagnosed TBI in hospitalized individuals with hip fracture and examine its association with all-cause mortality. We hypothesized that TBI would be associated with greater risk of mortality.
METHODS

Data Source and Study Design
We conducted a nested cohort study of individuals with hip fracture using administrative claims data obtained from the Centers for Medicare and Medicaid Services Chronic Condition Data Warehouse (CCW). 17 Data for this study were originally obtained to conduct a study of hospitalized individuals with TBI and have been previously described. ) and meeting the same continuous enrollment criteria was selected until there were 250,000 individuals in the cohort. Thus, the final dataset contained all beneficiaries hospitalized with TBI in any position on an inpatient claim and a random sample of individuals with other injuries.
From this sample, we identified all beneficiaries with a primary diagnosis of hip fracture (ICD-9-CM 820.xx). We required continuous enrollment for at least 6 months before the injury to capture baseline comorbidities. We identified individuals with TBI in a secondary diagnosis position and excluded individuals with any other injuries. The institutional review board of the University of Maryland approved this study.
Outcome and Covariates
The outcome of this study was all-cause mortality. We obtained date of death from the beneficiary annual summary file and used it to calculate time from injury admission to death. From the annual file, we also obtained age, sex, race, and original reason for Medicare entitlement (age, disability, or end-stage renal disease). The CCW contains dates of first diagnosis and annual flags for 21 chronic conditions that are based on ICD-9-CM codes using published algorithms. 17 A beneficiary was considered to have a chronic condition if the first date of diagnosis occurred before hospital admission for hip fracture.
Statistical Analysis
We compared characteristics of individuals with hip fracture with and without TBI using chi-square goodness of fit and Student t-tests. We calculated annual and cumulative mortality rates and their 95% confidence intervals (CIs) after hip fracture according to TBI status. To estimate the association between TBI and mortality, we conducted a time-to-event analysis with death as the event of interest. Beneficiaries were censored at the end of follow-up if no event was observed. We used Cox proportional hazards models to estimate unadjusted and adjusted hazard ratios (HR) and 95% CIs of death as a function of TBI. Potential confounders identified in bivariate analysis (p < .05) were added to the final regression model. Based on prior work suggesting differences according to sex in outcomes after TBI, we examined sex as a possible effect modifier on the multiplicative scale using stratified analyses.
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RESULTS
We identified 38,230 Medicare beneficiaries hospitalized with hip fracture and meeting inclusion criteria, of whom 1,043 (2.7%) had TBI (Table 1) ;77.9% were female, and this proportion did not differ significantly by TBI status. The population was primarily white (91.5%). Individuals with TBI were significantly more likely to have anemia (76.2% vs 73.5%, p = .04), depression (50.9% vs 46.0%, p = .002), Alzheimer's disease and related dementias (50.1% vs 43.1%, p < .001), and history of stroke (35.6% vs 31.0%, p = .002). In individuals with hip fracture, those with TBI were more likely to die during follow-up (53.4% vs 45.8%, p < .001).
Mortality in the year after hip fracture was 49/100 person-years (95% CI=44-54) for beneficiaries with TBI and 34/100 person-years (95% CI=33-34) in those without ( Figure 1 ). The overall proportion of deaths in the first year after hip fracture was 33%. Cumulative mortality over up to 5 years of follow-up was 36/100 person-years (95% CI=33-39) in beneficiaries with TBI and 26/100 personyears (95% CI=25-26) in those without. The risk of mortality attributable to TBI in individuals with hip fracture was 15 deaths/100 person-years.
In individuals with hip fracture, TBI was associated with significantly greater risk of death in unadjusted analysis (HR=1.36, 95% CI=1.25-1.48) ( Table 2 ). After adjusting for age, Alzheimer's disease and related dementias, atrial fibrillation, coagulation disorder, depression, hypertension, ischemic heart disease, and stroke, TBI remained associated with greater risk of death (HR=1.24, 95% CI=1.14-1.35). Sex did not modify the association between TBI and mortality after hip fracture.
DISCUSSION
In this national study of fee-for-service Medicare beneficiaries hospitalized with hip fracture, prevalence of diagnosed TBI was low (2.7%) but was associated with a 24% greater risk of death after adjustment for covariates. TBI resulted in an additional 15 deaths per 100 person-years in the first year after hip fracture.
One-year mortality in this study was consistent with that reported in a study of individuals with hip fracture (with and without diagnosed TBI) performed in England from 1999 to 2003, 22 but slightly lower than in two other studies. 4, 23 The older age of our sample (83.8) than in the previous studies (80.1, 4 81. 8 23 ) and baseline differences in the studied populations may have contributed to higher 1-year mortality in our study.
Given the same mechanism of injury (falls) as hip fracture and known barriers to diagnosis in older adults, the low prevalence of TBI in this study suggests that it is underdiagnosed in individuals with hip fracture. 11, 14, 15 Although there are no existing data on the true prevalence of TBI in individuals with hip fracture, it is important to undertake studies to ascertain this. Even with this conservative estimate of TBI prevalence, it significantly increased risk of mortality and may be associated with other poor outcomes.
Of Medicare beneficiaries with hip fracture, those with TBI were older and had a greater prevalence of certain comorbidities, particularly Alzheimer's disease and related dementias. Although we lacked information on nursing home residence, the high prevalence of dementia indicates that many of these individuals may be living in long-term care facilities. If so, caregivers in these facilities should be aware of the potential for head injury in individuals who sustain a hip fracture.
Results from this study should be considered in light of several limitations. First, the mechanism of injury for the hip fractures in this study was unknown. Falls cause most hip fractures, but traumatic events such as car crashes that are more likely to result in TBI could have caused some. Second, we have no information on the severity, type, or location of the TBI. The low prevalence of TBI in this study suggests that the TBIs that were diagnosed were more severe, which would have resulted in greater risk of mortality than milder TBIs. Last, we lacked information on delirium and cognitive impairment, possible consequences of TBI, and known risk factors for mortality, including fracture location, in individuals with hip fracture. [24] [25] [26] [27] In conclusion, TBI was associated with greater risk of mortality in individuals with hip fracture. Practitioners should consider evaluating for presence of TBI in this vulnerable population. 
